An assessment of the prevalence of dampness and mold in European housing stock was carried out. It is based on general indicators of dampness and mold in dwellings reported in the literature. The assessment relies on recent studies, taking into account regional and climatic differences, as well as differences in study design, methodology, and definitions. Data were available from 31 European countries. Weighted prevalence estimates are 12.1% for damp, 10.3% for mold, 10.0% for water damage, and 16.5% for a combination of any one or more indicators. Significant (up to 18%) differences were observed for dampness and mold prevalence estimates depending on survey factors, region, and climate. In conclusion, dampness and/or mold problems could be expected to occur in one of every six of the dwellings in Europe. Prevalence and occurrence of different types of problems may vary across geographical areas, which can be partly explained by differences in climate.
INTRODUCTION
There exists a consistent association between dampness and mold indicators, and health effects. 1, 2 An assessment of environmental burden of disease related to dampness and mold in Europe has been carried out as part of a WHO project on quantifying the burden of disease of housing inadequacy. 3 On the basis of the assessment, about 15% of new childhood asthma cases in the European Region (WHO EUR) could be attributed to indoor dampness and mold in home environments, where a crude prevalence of 15 (10--25) % was used as a medium level of exposure.
Epidemiological studies have established exposure--response relationships between dampness and mold indicators, and health effects. This information, together with data on related health outcomes amongst the population, can be further utilized to conduct quantitative assessments of health impacts, such as presented in a recent meta-analysis. 4 Other examples of these types of assessments are presented by Jaakkola et al., 3 Mudari and Fisk 5 , and Rintala. 6 Nevertheless, knowing the prevalence of dampness and mold is fundamental for any such assessment.
Survey-based prevalence estimates of dampness and mold in residential buildings have varied broadly, from approximately 2 to 85%, depending on the climate, study design, and definition used. 7, 8 However, regional or climatic differences have not been widely studied.
It is also likely that the prevalence of dampness and mold in the housing stock changes over time, depending on the economical situation and other factors. Increasing public awareness about the association between dampness, mold, and poor health may prompt preventive and corrective actions. Environmental factors such as climate change and increasing demands towards more energy-efficient buildings may also result in changes in the housing stock. Therefore, any assessment should rely on relatively recent studies, taking into account differences in study design, methodology, and definitions. The time frame for the reporting or observation used in different studies is also important and it should be taken into account in the assessment.
In this assessment, studies are considered recent if they were published in the first decade of the twenty-first century. Only such dampness and mold observations that were reported either at the time of the investigation or in the past 12 months were included. The aim was to estimate the prevalence of dampness and mold problems in European housing stock, and factors affecting these estimates.
MATERIALS AND METHODS

Data Sources
A literature search using PubMed was performed with search terms ''dampness or mold, or microbial growth''. The studies providing relevant information for the assessment were mainly large population-based studies published in the last 10 years. A total of 16 individual (country-specific) surveys were identified. In addition, three large data sources consisting of data from multiple countries were included in the estimation: the WHO LARES survey, 9 the European Community Respiratory Health Survey, 10 and the Eurostat Statistics on Income and Living Conditions (EU-SILC).
Information Collected
Country-specific prevalence values were input into a common database. Some of the studies reported prevalence values for different types of observations separately. These values were classified into four variables based on type of observation reported: Damp (13), Mold (50), Water damage (34), and Combination (28) , that is, any one or more of mold, damp, and water-damage observations. Damp observations were defined, for example, as ''% of dwellings with problems of dampness or condensation;'' 11 mold observations as ''mold or mildew on any surface inside the home in the last 12 months,'' 12 or ''any visible presence of mold in the household;'' 13 and water damage as ''any water damage to the house (broken pipes, leaks, or floods) in the last 12 months,'' or ''presence of water damage.'' 12, 14 Related to each survey and country-specific data point, background information collected included:
Year when the data were collected (median 1996; range 1992--2007) . Type of the sample: total population sample (3; i.e., the whole study population from a selected geographical area was included in the study), random sample (68; i.e., a representative sample of a study population was randomly selected to be included in the study), or selected population sample (9; i.e., area-and age-specific groups of population were included in the study). 
Assessment
Various survey factors, including type of sample, target population, study protocol, and method may have an influence on the prevalence values. Because many of the survey factors in these data were related to each other, they could not be assessed separately. Therefore, a composite survey factor was formed, consisting of three categories: on-site visits in random samples of homes (10) , questionnaires among random samples of adults (58), and questionnaires among children (12) .
Next, region-, temperature-, and climate-related analyses were performed using the SPSS Statistical Software (Version 17.0). First, Kruskall--Wallis non-parametric test for several independent samples procedure was used to compare differences between time frame, survey factors, region, 35.8% of children with allergic rhinitis symptoms had dampness at home and climate, on damp, mold, water damage, and combination variables, respectively.
A pooled assessment was performed by exploring prevalence values. To estimate standard errors, area population statistics were collected for each study. The data were mainly based on the country of origin, or more specific geographical area (e.g., city), if applicable. Population statistics were mainly based on European statistics, Census data, or other information sources available on the Internet (e.g., Wikipedia), where the time point closest available to the corresponding survey was selected. Utilizing the sample and population sizes, margins of error and 95% confidence intervals (CIs) for the prevalence values were estimated. Given that the prevalence estimate plus or minus 1.96 times SE is a 95% CI, this information was used to calculate SEs. Finally, weighted prevalence values were obtained using the inverse of the squared as the weight (w) for each study. 15 Linear regression analyses were performed, where time frame and survey factor were first entered as independent variables, and as the second step, region, temperature, and climate were introduced in the models using step-wise selection procedure, where P-to-enter was specified as 0.05 and P-to-remove as 0.10. Weighted least-squares models were obtained, using ''w'' as the weight variable. Table 1 shows general information about the original data sources used in the assessment. Large data sources were available from multi-national surveys that used the same protocol and definition of indoor dampness and mold problems throughout the survey, and therefore provided comparable estimates between countries and regions. The LARES survey was undertaken in eight European cities, consisting of data on a total of 3373 dwellings, and relying on on-site home visits. 9 Country-specific data of the LARES project were reported by Nicol.
RESULTS
General Assessment
11
The European Community Respiratory Health Survey (ECRHS) investigated self-reported dampness and mold exposure in 38 study centers in 18 countries. 12 Centers were located both in Europe (14 countries) and outside Europe (four countries, not included in the assessment). Rest of the studies identified was country-specific. Two of these studies relied on on-site home visits. 18, 19 Some 17 surveys 13,14,20--25 were identified that were based on occupant self-reporting. The PATY study 13 reported results of 10 original studies, seven of which reported recent mold exposures in the European countries (including Bulgaria, Czech Republic, Hungary, The Netherlands, Poland, Russia, and Slovakia). Two studies followed the ISAAC protocol. However, the highest prevalence values reported by Tamay et al. 20 were specific to children with allergic rhinitis symptoms and asthmatics, respectively, and were omitted from the pooled analyses.
In all, data were available from 31 European countries (i.e., countries with territory located in Europe). In addition to countries within the European Union (including candidate countries), data were available from Norway, Switzerland, and Russia. Data were not available from other European countries, including Albania, Andorra, Armenia, Azerbaijan, Belarus, Bosnia and Herzegovina, Georgia, Liechtenstein, Moldova, Monaco, Montenegro, San Marina, Serbia, Ukraine, and Vatican.
Survey Factors, Region, and Climate Figure 1 illustrates the ranges of prevalence values obtained utilizing different methodologies and target populations. In these data, the prevalence of mold was commonly estimated lower, based on on-site home visits than by questionnaires. According to the questionnaire data, median prevalence was higher among populations based on children than those based on adults. Table 2 shows median prevalence values and SDs for different types of observations of dampness and mold by time frame, survey factor, region, and climate. Time frame became had significant differences with respect to mold observations; however, there were little variations in the time frame (and/or a small number of observations in one of the two categories) with respect to other types of observations. In addition to the time frame and survey factors, significant differences (Po0.05) were observed between mold observations and temperature, where median prevalence values were higher for warm and temperate climates as compared with cold climate. A similar trend (Po0.10) was also observed for water damage, and the combination of any one or more of mold, damp, and water damage observations.
Although there were some differences between the prevalence values by region, none of the differences were statistically significant. However, the variation appeared to be larger for damp and mold observations than for water damage (Figure 2) . Table 3 shows median and weighed mean values for observations of damp, mold, water damage, and combination. Median values Figure 1 . Distributions of different types of dampness and mould observations. were 12.3% for damp, 15.5% for mold, 10.4% for water damage, and 15.3% for combination. Weighed mean values were 12.1% for damp, 10.3% for mold, 10.0% for water damage, and 16.5% for combination.
Pooled Analyses
Linear Regression Analyses
Because of the apparent correlations between time frame, survey factor, region, and climate, linear regression analyses using weighted least squares and step-wise selection procedure were performed to see which factors may independently associate with dampness and mold observations. As shown in Table 4 , after adjusting for time frame and survey factors, temperate climate had significantly higher prevalence of mold ( þ 18%), water damage ( þ 6%), and combination ( þ 10%) as compared with cold climate. Also, warm climate had higher prevalence of mold ( þ 11%), water damage ( þ 4%), and combination ( þ 15%) than cold climate. With respect to different regions, significantly lower prevalence of mold observations were estimated for west (À7%) as compared to north.
DISCUSSION
In addition to time frame (i.e., how each individual study had framed the question related to dampness and mold), survey factors that could explain part of the variation in the prevalence estimates include type of the sample, target population, study protocol, and method used for data collection. Type of sample and target group were related to each other in a way that children were exclusively the target group for surveys based on selected samples and total population samples. Surveys based on random samples targeted general population or adults. Most surveys included in the assessment were based on random samples.
Region was factored in the assessment to evaluate whether there existed cultural-or building-related differences between northern, western, eastern, and southern European regions, which could be attributed to dampness and mold in dwellings. Different countries have naturally adjusted their building stock according to their temperature and climate; so in that sense, these factors may not be easily distinguished. On the basis of linear regression analyses, prevalence of mold appeared to be lower in the western European region as compared with the northern European region. However, when dropping temperature off the model, the association between mold and region diminished. This could indicate that temperature may be the underlying factor associating with prevalence of mold, whereas region may have some secondaryassociated influence. The strongest associations were observed between prevalence of mold and temperate climate, and between prevalence of combination and warm climate. Temperate and warm climates also had higher prevalence of water damage as compared with cold climate, but the differences were not as large.
With respect to the pooled analyses, it should be noticed that the CI calculations assume a genuine random sample of the relevant population. If the sample is not truly random, the intervals may not be reliable. This would have an effect on the weighted mean values, as well as linear regression coefficients obtained. However, the differences between crude and weighed values were not vastly different, and in general, the estimates appear to be more reliable than commonly used ranges or values based on maximum (i.e., ''prevalence of dampness/mold could be as high as the maximum'').
Another issue increasing uncertainty is related to the samples drawn not necessarily being representative for the entire population, for example, in case the sample only included homes of children. There is relatively little information about the distribution of dampness and mold among population subgroups. Many socio-economic factors are assumed to have an influence on housing conditions 26, 27 but it also appears that the prevalence of self-reported dampness and mold may be higher among certain subgroups, for example, homes of children, even after excluding studies on symptomatic children. Among others, EU-SILC data offer opportunities to break down dampness data into subgroups, and the prevalence has been reported to be uniformly higher among those with income below the poverty threshold than among those above. 17 These data could also be stratified by age, gender, and household composition.
Perceptions of the occupants have commonly been used as a basis for assessing home dampness and mold in most populationbased studies. To overcome the problems associated with reporters' bias, some studies have used inspectors who visit the house and provide an assessment of dampness and mold. 28, 29 Utilizing trained inspectors, therefore, has the advantage of being more objective, but at the same time, it lacks the longer time perspective of the occupants' observations. Hence, it is not quite evident which one of the two approaches (occupant or inspector observations) provides the most valid assessment of dampness and mold. However, it seems reasonable to assume that the differences in approaches may lead to differences in prevalence estimates. In this study, the issues related to occupant vs inspector observation were controlled with the survey factor that separated the questionnaire-based estimates from inspection-based estimates.
Different studies use different definitions of dampness and mold, making comparisons between studies somewhat difficult. Common terms describing dampness and mold include observations of leaks, floods, wet basements, window condensation, visible fungal growth, or moldy odors. A fundamental difference related to these observations is whether they are manifestations of 1) dampness (e.g., high relative humidity, condensation on surfaces), 2) mold growth (e.g., visible mold, mold odor), 3) water/ moisture damage (e.g., signs of leaks; wet, stained or discolored building materials), or 4) a combination of the above, which essentially could be described as ''dampness or mold, or water damage''. In this study, these four different types of observations were assessed separately. There are also differences between studies related to whether the observations refer to ''current'' or past exposures (e.g., occurred in the past 12 months, 5 years, etc.). The larger the time frame, the higher the prevalence can be expected to be due to the fluctuating nature of dampness and mold in buildings. In this assessment, only current dampness and mold observations (at the time of the data collection), and dampness and mold reported in the past 12 months were included, to provide a cross-sectional evaluation of the extent of the problems as best possible.
There are also differences regarding the location of dampness and mold observations within the building. Most of the studies do not differentiate between locations, but some studies emphasize observations in the bedroom or other living spaces. 30, 31 Some of the studies report the extent and/or severity of dampness and mold, but most are based on a dichotomous rating. Overall, there is a considerable variation in how the questions on dampness and mold are framed, and prevalence estimates may therefore range widely, dependent on the type of questions used, the level of detail asked for, and the judgement of those filling in and those analyzing the questionnaires. These kinds of uncertainties could not be effectively controlled for in this study, because of limitations related to reporting of the original data and relatively a small number of studies.
CONCLUSIONS
On the basis of this assessment, the median prevalence values of different types of dampness and mold in European housing stock vary between 10 and 15% (with uncertainty of about 1--3%). The weighted means are between 10 to 12% for different types of observations, and about 17% for the combined observations of any one or more indicators. Significant (up to 18%) differences were observed for dampness and mold observations, depending on survey factors and temperature. Finally, data on prevalence of dampness and mold is still not available from many European countries. Use of standardized definitions and survey methodologies should result in more reliable data and decrease uncertainties.
